ABSTRACT █ MATERIAL and METHODS
Operative Indication
The main aims of the operative procedure were two. The first objective was to restore the CSF pathway while avoiding the need for a shunt device. This included ETV, septostomy and removal or decompression of the cyst. The second objective was to remove the cyst, followed by histopathological confirmation.
Operative Technique
Under monitored anaesthesia with sedation or general anaesthesia, the patients were placed supine and their head was slightly flexed and fixed in a head rest or horseshoe frame. The Gaab endoscope (Karl Storz, Germany) was used (the working sheath having an outer diameter of 6.5 mm, working channels of 1 mm and 2.7 mm and 0 and 30-degree telescopes of 2.7 mm and 4 mm diameters, respectively). The endoscope was attached to a TV monitor and camera for visual control. We followed the surgical techniques described by Gaab and Schroeder (7) . A burr hole was made, as per the information obtained from CT or MRI scans, and a transcortical approach was used to enter the ventricle. After incising the dura, the working sheath with the trocar was introduced freehand and fixed to the table by an endoscope holder (Aesculap, Germany). Next, the trocar was removed, and the rigid 30 o /0 o telescope was introduced. Cystic lesions were identified and an angiographic catheter was passed through the working channel and negotiated to the cyst wall. A 5 ml syringe was used to apply negative pressure at the cyst on the other end of the angiographic catheter. Using this negative pressure, the cyst was aspirated up to the internal opening of the working channel in the sheath with simultaneous withdrawal of the telescope assembly. The cyst was then removed using a grasper under direct vision ( Figure 1A -E).
Those cysts whish were adhered were opened and coagulated using electrocautery, and their contents were aspirated. To maintain a clear view, continuous irrigation with ringer lactate solution was used. Ringer lactate solution was used for irrigation whenever bleeding was experienced. A very high increase in intracranial pressure (ICP) was avoided by maintaining inflow at permissible pressure (about 10 ml/min) with sufficient outflow of irrigating fluid. Copious irrigation or suction was used to remove any clots. At the end of the procedure, the operating sheath was removed with the endoscope inside to look for active bleeding in the puncture channel. The burr hole was packed with a Gelfoam ® piece and the skin was closed using interrupted sutures.
All the patients were given an injection of dexamethasone for 3 days and tab albendazole at 15 mg/kg/day in divided doses for 21 days.
The stoma of the ETV was made anterior to the mammillary body in the region of the tuber cinereum with an angiographic catheter, and it was dilated 1 mm with a Fogarty catheter (no. 3 French) (Figure 2A -E) (8) . Similarly, if needed, septostomy was performed using a bipolar electrosurgical probe and a Fogarty catheter. █ 
RESULTS

Presenting Symptoms
All the patients presented with symptoms related to hydrocephalus, which included headache, nausea, vomiting, decreased vision, diplopia and dizziness, with headache being the most common symptom. 
A B C D E Presenting Sign
The most common sign was papilledema followed by ataxia and sixth nerve palsy. The other symptoms included nystagmus, dysmetria, impaired consciousness, Parinaud syndrome and third-nerve palsy.
Radiological Findings
CT scan was available for all 30 patients, whereas MRI was available only for 4 patients, and hydrocephalus was the most common finding. Of these 30 patients, 19 patients had symptoms suspicious of intraventricular cyst, based on the radiological findings.
Cyst Excision/Decompression
We encountered an intra-third ventricle cyst, most commonly followed by fourth ventricle cyst. ETV was performed in 29 patients. In one patient with an entrapped temporal horn, a direct approach to the encysted temporal horn from the temporal cortex was taken, and the cyst was decompressed and removed. In this patient, ETV was neither attempted nor necessary. Excision of the cyst was performed in 22 cases. Details of these procedures are included in Table I .
In 26/30 patients, we are able to visualise, excise and decompress the cyst (Table II) . In 27/30 patients, we were able to divert the CSF flow successfully and achieve a long-term, shunt-free period (Table III) . We were able to successfully excise all the third ventricular cysts and 8/12 of the fourth ventricular cysts (Figures 3A, B; 4A, B).
Outcome in Different Age Groups
Paediatric age group: In all of our paediatric age group patients, we were successfully able to restore the CSF flow and achieve excision, decompression and visualisation of the cyst (Table IV) .
Adult Patients:
In 18/21 patients of the adult age group, we were successfully able to restore the CSF and, in 17/21, to excise, decompress and visualise the cyst (Table V) .
Reasons for Failures
Reasons for failures of endoscopic CSF diversion: Successful CSF diversion could not be achieved in three patients. One of the failure cases had a third ventricular cyst that was densely adhered to the ependymal lining of the third ventricle with marked cicatrisation. The cyst could not be excised totally; therefore, a biopsy was performed, and 
A B C D E
The other patient had a cyst in the fourth ventricle that could not be visualised during endoscopic surgery. Although an ETV was performed on this patient, he developed hydrocephalus and required a VP shunt 10 days later.
ETV was done. The patient remained well for three weeks; he was re-admitted after three weeks with the signs and symptoms suggestive of hydrocephalus. His CT scan showed persistence of hydrocephalus for which he underwent a ventriculoperitoneal (VP) shunt. A B present in 14% of such patients (10) . The most common sign in their series was gait ataxia (57%). We found that headache was the most common symptom (76.67%), followed by nausea (60%) and vomiting (40%); the most common sign in our series was papilledema (76.67%), followed by gait ataxia (20%).
The incidence of hydrocephalus has been reported to be around 26% in cases of NCC (18) . The treatment of hydrocephalus using VP shunt is associated with a high failure rate (1, 5, 9) . CSF diversion using endoscopic means has a success rate which varies from 40% to 100% (1, 3, 4, 6, (13) (14) (15) (16) 20) . In our series of 30 patients, we were able to perform endoscopic CSF diversion successfully in 27 (90%) patients; the remaining three patients required shunt surgery due to failure of endoscopic CSF diversion. The reported success of endoscopic excision of the cyst ranges from 90% to 100% in different age groups. In our series, we were able to visualise the cyst successfully in 26 (86.67%) patients and, out of these 26 patients, we were able to excise and decompress the cyst in 25 (96.15%) patients.
Successful treatment of NCC by restoring CSF pathway and cyst excision was achieved in all patients by Suri et al. patients in the paediatric age group (6/6 patients). In our series, we had a similar success rate of 100% (9/9 patients) in both CSF diversion and excision of cyst in the paediatric age group (20) .
Transaqueductal Exploration
Endoscopic exploration of the fourth ventricle has been addressed by few authors. Using an endoscope, Matula et al. have described three possible ways to reach the fourth ventricle: (1) via the third ventricle through the cerebral aqueduct; (2) from the lateral foramen of Luschka after opening the basal cistern; and (3) via the cerebellomedullary cistern through the foramen of Magendie (11) .
Historical account of endoscopic exploration of the fourth ventricle by neurosurgeons is mostly using rigid endoscopes rather than flexible endoscopes. Gaab and Schroeder used rigid endoscopes through a frontal route for the treatment of
The third patient had a cyst in the temporal horn. In this patient, the cyst was decompressed, and endoscopic communication of the cyst with the remainder of the ventricular system was performed, but the patient did not improve and required a cysto-peritoneal shunt after three days.
Reasons for failures of excision, decompression and visualisation of cyst:
In four of the patients, we were not able to visualise the cyst in the fourth ventricle. The possible explanation is either the migration of the cyst or the technical difficulty to navigate the fourth ventricle by using a rigid endoscope.
Difficulties Encountered During Surgery
Navigating the fourth ventricle: We encountered difficulty in removing the fourth ventricular cyst, for which we used an angiographic catheter with negative suction.
Removal of the cyst densely adherent to the ependymal lining:
We encountered difficulty in removing the cyst, which was densely adhered. We proposed that a smaller and more precise instrument must be developed for successfully removing such a cyst.
█ DISCUSSION
Infestation of Taenia Solium causing cysticercosis is a prevalent health problem, especially in the developing world, and the most common parasitic infestation of the central nervous system is considered to be NCC. It has been attributed as the single most common cause of community-acquired active epilepsy; 26.3% to 53.8% active epilepsy cases in the developing world, including India and Latin America, are due to NCC (12).
Sotelo et al. observed the mean age to be 31.5 years, with a male-to-female ratio of 1.04:1, whereas in our series of 30 patients, the age ranged from 6 years to 85 years (mean, 28.63 years), with a and male-to-female ratio of 1.35:1 (17) . 
A B
study, over a mean period of 22.6 months, 90% of patients did not require any revision or other CSF diversion procedure).
In patients when CT/MRI raised suspicion of NCC but such suspicions were not confirmed by neuroendoscopy, the diagnosis of NCC could be confirmed by visualisation or biopsy. In patients with NCC-related hydrocephalus, cysts usually can be visualised during endoscopy. Intraoperative rupture or incomplete removal of the cyst has no negative impact on the outcome.
aqueductal stenosis in 17 patients (7). These authors observed postoperative sequelae mainly associated with disturbances of ocular movement.
A right-transfrontal approach using a rigid endoscope was used to enter the lateral and third ventricle to remove fourthventricle cysts in three patients by Anandh et al. (1) . Successful removal of cystic lesions was performed in all three patients with no deaths, although one patient experienced transient hemiparesis and ocular ptosis. Proano et al. negotiated a rigid endoscope up to of the opening of the cerebral aqueduct and aspirated the cysts using a no. 6 French catheter in a patient with fourth-ventricle NCC (13) .
Flexible endoscope for exploration of the fourth ventricle in five cases has been reported by Bergsneider (3) . He used a midline durotomy between the opisthion and the posterior arch of C-1 to reach the fourth ventricle through the foramen of Magendie.
Many theoretical objections could be raised against the transaqueductal navigation of the fourth ventricle, but in light of our experience, this procedure was found to be relatively easy and harmless. The only neurological complication observed in our series was a mild diplopia due to transient third-and sixth-nerve paresis in a patient in whom aqueductoplasty was followed by patency of the fourth-ventricle outlets.
The neurological deficit was almost certainly caused by the aqueductoplasty rather than by the transaqueductal passage of the endoscope.
All the patients of fourth-ventricle NCC in our series had a widely dilated aqueduct (10/12) the endoscope could be passed through to the fourth ventricle, and the cyst was visualised in 6/10 patients. In cases of a mildly to moderately dilated aqueduct, only a catheter was passed transaqueductally after aqueductoplasty, to aspirate the cyst in 2/2 patients.
Intraoperative cyst rupture causing postoperative ventriculitis is rare as Psarros et al. experienced that despite an 86% cyst intraoperative cyst rupture they experience no case of ventriculitis in their series. In our series, cyst rupture occurred in all (26/26) cases, but none of the patients had postoperative ventriculitis (14) .
Extreme bradycardia can be prevented by avoiding excessive use of irrigation fluid when dealing with fourth ventricle and intracranial hypertension cases (7). We do not completely block the outflow of fluid through the instrument port of the endoscope and, whenever required, block it only for a very short period while monitoring pulse and blood pressure.
Even if episodes of significant bradycardia occurred, they immediately regressed after the withdrawal of small volumes of ventricular fluid.
█ CONCLUSION
We found that endoscopic CSF diversion in cases of intraventricular NCC is feasible and associated with a high success rate. Endoscopic CSF diversion in NCC-related hydrocephalus usually produces a long-term cure (In our
